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Cos8ehn ervstallizes with the cubic Ly Heosler struciure and is an itinerant ferromagnet with
T =238 K. X-my diffraction measurements - show  that Ciog_ 8¢, So retains the L., crysial
stricture with an essentially unchanged lattice constant for U==e=0,15, However, T, determined
from the magnelicwton measwrements decredses moncicmesiiy wilh increasing 5S¢ concentration
from 238 K for a=0t0 40 K for 2=0.11, and then remains at 40 K from x=0.11 1o (114, The
electronic specific heal cocfficient ¥ is enhanced from 13 mlimole-K? for CoySeSn (x=0) to 30
miimale-E2 for x=0,13 (Co, 53¢, (v5n). In addition, the €T versus T° plot shows a leveling-off
hehavior af low temperabires [or the o=0.13 sample, The v enhancement and level-off behavior
observed when & system approaches & magnetic instability are discussed in terms of the
sell-comsstent renormalization theory of spin Auctuations for weak itinerant ferromagnets and

nearly mugnetic svstems,  © 1996 American Instinte of Physics, [SO021-8579(06) 1 T208-3)

INTRODUCTICON

CosSeSn crystalizes with the cubie L5y Heosber sirec
wre and i5 an ilinerant ferromagnet with a saturstion momen
of 051 g per Co atom.' We have shown® from magneti-
Zalton measurements at low applied magnetc fields that ihe
system uncesgois i transition from o panmdagnetic stale oo
helmagnetic sfate at T.=238 K. and exhibits spon - plass be-
havior below 100 K. The opplication of high magnetic fields
suppredses the helimagnenc sate and the spin glass behaviaor,
ind Co.8c5n becomes o simple ferromagnet. 'We have also
shown thai the sehsitiuiion of i for Com iCe, N, 550
decreases T, lineady with increasing Ml concentistion and
that T, approaches zero in the vicinity of 40% Ni substite-
ton (e=0L4), The eleciromc specihic. bet coefhicwent ¥ 15
enhanced from 13 mUmole-K7 for Co.ScSn (r=0) 10 58
mlfmole-K* for =04 and £ =0.5. In addition, for the x =04
und x=0.5 samples the specific heat divided by lemperature
(1T vs 17 plot shows a leveling-off behavior &t low tem-
peratures, mstead of the Typical streight line behavior, v en-
hancements and uptum behavior in C7T hove been previ-
ously ohserved in f-electron sysiems, eg. (CeGdiSn," and
(¥, 1Pd;,"™" when these systems are close 1 o magnetic
instability. This behavior 15 glso consisient with the predic-
thoms of seli-consistent renormalization (SCRI theory” of spin
fluctuations for nearly magnetic and weak itinecant magnetic
BV SlEms.

Anather way o drive the sysem towands @ nonmagnetic
state which dioes ot invalve the introduction of anather el-
ermient o the Cos5¢5n svalem 16 1o depart from the 2w |
Co o Se ranio, that isto make the Co, S0 oS¢ system,
iz svstem retains the Ly ervsial stnicture for 3 =015, The
temperature. dependence of the magnetization and specific

T Depuntment ol Malerals Science md Engineering. Lni-
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heat and the T, vanation for this system gre presented for
L=l 5.

EXPERIMENT

Palyverystalline Co, 8¢ | S0 samples were prepared in
an iner pimosphere re furnoce with approprate care twken
i CIATpETANIE Tor e Welghi 1055 0f the more wouatie 5n
The samples were wrapped i Ta fodls and were annealed
under high vacoum at 800 "C for 8§ weeks: Thi= long penod
of annealing is necessary since we have shown™ that the
crvstal structare and phvsical properties of Co.5c¢Sn and s
refated svatems are sipnificantly influenced by heat ireat-
ment. Powdered x-ray diffraction and high power, high-
resalution eleciron MIcroscopy MeasErements & room e
pernture were used 0 check samplé homogenegity and crysiil
siructure. The resolis indicated that Cos  (5c; 50 retains
the «cubic Ly, Hewsler -stmiciure with on esseamally un
changed btice constant of 6.190 A for D=1=0.15. The
mugnetization was measured from 1B o 4K ar vasious
docting quantum interference device (SOUILY magnetome-
ter. The specific heat was measured from 1.2 to 25 K in zero
Held and applied magnetic felds up fo 4 T using & semiadia-
bratic heat pulse method.

RESULTS AND DISCUSSION

We have shown using magnetization, elecincal resistiv-
ity, and '""Sn Mosshaver measurements™ that the ferromag-
petle transition occors of T, =238 K for Co,85csn. Shown in
Fig. 1 curve fa) s the lemperiture dependence of the mag-
netization of Co.5cSn measured in an applied field of 20 O
1t con be seen thal the mugnetization mcredsss eapidly below
138 K. Below T, down to 100K, the migneiiEetion 15 g8
sentially unchanged. This belavior of constant magnetization
can be explained in terms of the helical magnetic stute,” and
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data. and FC figld cossled data

has alse been observed for other bmernl magnets, &g,
MnSi and Fe, Co.5 " Below 100 K the zero field
cooled (ZFC) duta increases monotomeally with increasing
temperature. but the Beld cooled (FC) data do nol vary with
temperature. This hvsteretic behavior indicates that CoaScbn
undergoes & second (ransition o & spin glass ke state af low
temperatures, Le. below 100 K. We have also shown' that
the helical magnenic state snd spin glasslike behavior are
suppresaed by the application of high magnetic fields. and
Co.505n becomes o sumple ferromugnet.

W have shown’ that T, decreases lineirly with decreas-
ing Co concentration in the (Coy  Ni, ;530 svstem, and
approaches zero in the vicinity of 40% Ni substtution for Co
(c=0.4). We have also measured the temperature and mag-
nenc  field dependence of ithe magnetization for the
Co,_ S¢S0 sysiem with 0=x=0.13 The magnetization
measured at low apphied helds for the samples with lower Co
concentrations, e, O<x={.15, shows:a sirnlar behavior to
that shown in Fig. | curve {a), Curve (b} in Fig. 1 shows the
FC and £FC |1lﬁg|!.|:ti?.ﬂ1inn fior CI.}L.;-I-S-EL msﬂ i =I:H:|3::|. also
measured st H=20 Oe. Il can be seen, however, that T, and
the spin glass transition for this sample occur at lower tem-
peratares, te.. 190 and 55 K, respectively. Agwin, the belical
magnetic state and spin glass behavior for these samples with
lower Co concentrations can be also suppressed by e ap-
pheation of high magnetic fields (pot shown), end the
samples theén Becomie simple ferromagnets.

T arcer to-exiriet the ferromagnetic ransigon tempesi-
ture T, . we have measured M versus i for several tempera-
(ires near T, for every sumple reporied here. Armolt plds
(M? versus HIM) for CojoSc; Sn Le=0.1) a1 various tem-
peratures are shown in Fig. 2. T, is delermined as the tem-
perature for which a linearky extrapofated curve on the Armott
plot goes through the orgin, We find & T, value of B0 K from
this ploa for this sample. T, determined {rom Aot plots s
in good agreement with T, defined as the temperature where
dMIET] is maximum,
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Shown in Fig. 3 is T, versus Sc concentrafion (| +x) for
the Coy 8¢, S0 system. T decreases monotomcally with
decreasing Co concentration (increasing S¢ content 1+x)
from T. =238 K. for Co.ScSn (v =0) to-40 K for x=0.11. It is
imleresting that T, remains almost the sarme (40 K for the
samples with even higher Sc concentratons in the region
betwess (1+5=011 amd 1,12 One might argue that Co
content cen nob be Jowered below 189 (or that the trie mat
prim value of (0+=xh ds 1100, and that i why T stays un-
changed for 0.1 l=s=0,15% For ihe following: repsons we
rule out this speculation. First, for the samples with O.11
<x=0.15 no detectable extra phases are seen via the x-ray
diffeaction measurements. Second, we did not find a contri-
bution 10 the magnetization from free Co metal or magnetic
impurity phases. Third, we observe that the value of the mag-
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netization at low temperatures decrzases monotomcally as
one lowers the Co content across the entire regime, including
kil =z=0.15

As menioned earlien, the variton of ¥ a5 the system
approsches o mugnetic instability is of primary inferest.
Shown in Fig. 4 is the C/T versus T° duta measered at i =0
and 2 T for Co, 575y 150, For H=0 ¥ values of 33.5 and 30
mbimole-K* are ohtsined from CFF @t T= 14 K and from o
linesr fit of higher lemperature dat (T=5-10 K). respec-
tively. Enher of the ¥ values mentioned above for
Coy 56, (350 15 larger than that of CogScla, ie, y=13
mi/mole-K* This enhanced y behavior when the system ap-
proaches & magnetic instability has been reported previously
for many f- and d-eleciron systems. For example, ¥
greatly enhanced for 10% Gd. 20% U, and 60% Co in the
(Cey_ Od, 805" (¥, U,)Pd:. ™ und {Coy_ Ni;)8cSn’
sysiems, Tespectively

It is clear that the /T versus T° plot for Coy y:Sc 350
shown in Fig. 4 shows a leveling-off behavior at lower tem-
peratures. This is behavior has also been observed in the
casex of heavy fermion f-electron syvsems.' ® enhunced
parsmagnetic ititerant d-electron systems' and  weakly
mugnetie d-electron systerns.”’ We do not believe that the
leveling-off  behavior seen im CIT  versus T for
Cioy S, (190 is due to the presence of a spin glass ransition
for two reasons. First a plot of T, (spin glass teansition tem-

perature) versus |+ (not shown herel shows that T goes to
zero for 1+ x~1.07. Second this type of C/T versus T° be
havtor ks not seen lor samples which have & spin glass tran-
sitbon namely pare Co,ScSnoand Co, Sy, S0 with 148
= 1.07. The self-consistent renormshestion (SCR) theory of
spin Nuctaations’ can explain the magnetic. electric, and
thermodynumic properties. of nearly mignetic and weakly
magnetic itinerant systems. According to the prediction of
the SCR theory, an additionn] contribution of the form
Tlin( 79T, )] should be added o the specific heat resulting in
a leveling-off behavior in & C/T versus 77 plot at low tem-
peraties Althoush the apmibied field of 2T reduces the spe-
cific heat over the entire temperature range, i1 i= not sufli
ciently strong to suppress the spin fluctuations, and thus the
leveling-off behavior in H=2 T remains similar to that i
zero field. That 1s, one expects that T, is considerably burger
than 2 K which would cormesponid 10 the field of 27T

In conclusion, we have measured the magmetizetion and
specific heat of the Co, ,S¢; ., S system with O=r=0.15
T decresses monotonscally with decreasing Co concentri-
tion from 338 K for x=0 io 46 K for a=011 and thes
remnins &b 4 K bebween =001 wnd s=40,14. The specihe
hem data for Coy g-5¢; (50 show that ¥ is enhanced to 30
mlimole-&° and the €T versus T° plot exhibits & leveling-

ol f hahavior ot lovw femperifires
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